Heavy flavor productions are important tests of QCD. In proton-proton collisions collected at LHCb, a long list of measurements for charm and bottom productions have been made. This talk focuses on the studies of fragmentation functions and production asymmetries for bottom hadrons. They provide inputs for absolute branching fraction measurements and CP violation studies at LHCb respectively.
Introduction
The hadronic production of heavy flavor hadrons involves heavy quark production from partonic interactions and then the hadronization, both described in the framework of QCD. A wide range of measurements has been performed by the LHCb experiment including the charm and bottom hadron production cross-sections, the quarkonium productions and polarizations, associated productions and production correlations. The measurements are important to understand the QCD theory in both the perturbative and non perturbative parts. Currently QCD is not fully understood, especially the non-perturbative part: there is no universal model that could describe all heavy flavor productions. In the talk, I summarized the LHCb measurements on b-hadron fragmentation functions and production asymmetries. Fragmentation functions stand for the relative production rates of different b-hadrons, f q for the B q hadron. The production asymmetries measure the difference of production rates between a b-hadron and its charge conjugate. These processes involve non-perturbative effects, and thus reply on experimental data to fix model parameters. The fragmentation fractions determine the total production yield for each b hadron species, providing inputs to calculate absolute branching fractions. The b hadron production asymmetries are essential inputs for measurements of CP asymmetries at LHCb.
Measurements of b-hadron fragmentation functions
LHCb measured the relative fragmentations between B 0 s and
The two decay modes both receive only contributions of color-allowed treediagram and are connected by U-spin symmetry. The branching fraction ration
was calculated using phenomenological model assuming factorization, including small non-factorizable U-spin-breaking corrections. The D − and D − s mesons are reconstructed in the
The same event selection criteria were applied to the two channels, including the trigger requirement that selects a high transverse momentum track displaced from the primary vertices, the particle identification requirements on the final state tracks and a multivariate selector trained using kinematic and geometrical variables. The signal yields N D systematic uncertainties on the efficiencies. The systematic uncertainty on the f s /f d measurement consists of that on signal yields and those on trigger and offline selection efficiencies, giving a total value of 3.4%. Another uncertainty comes from the branching fraction ratio of D + s and D − decays. Averaged over LHCb acceptance, f s /f d is measured to be 0.238 ± 0.004 ± 0.015 ± 0.021, where the uncertainties are statistical, systematic uncertainties excluding that of
and that of
nel, which has ten times more yields compared to B 0 → D − K + , is used to measure kinematic dependent f s /f d , for which the result is displayed in Figure 2 as functions of the b-hadron p T and η. Fits using linear functions are performed giving
The f s /f d slightly depends on p T with a significance of three standard deviations, while no indication of a dependence on η(B) is found. The measurement concludes that the production rate of B . The event selection strategy is similar to the analysis for f s /f d and fits to the invariant mass distributions are used to obtain the signal yields. The ratio of selection efficiencies is evaluated using simulated events and validated using real data. The efficiency corrected yield ratio scaled to match that in semileptonic decays is shown in Figure 3 
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Measurements of b-hadron production asymmetries
Although b and b quarks are produced simultaneously, the production rate of a particular b-hadron species is not expected to be strictly identical to that of its charge conjugate. Since the initial colliding proton-proton is matter rather than anti-matter, the collision favours the production of B + , B 0 , B 
The raw asymmetry, A raw , for B + hadron is obtained by counting the number of B + and B − signal yields as obtained from the fit to the invariant mass distribution. To determine the production asymmetry, the CP asymmetry A CP and detection asymmetry A D are subtracted from the raw asymmetry. The CP asymmetry for B + was measured by LHCb to be A CP (B + ) = (0.09 ± 0.27(stat) ± 0.07(syst)) × 10 −2 [7] . The kaon detection asymmetry is measured using D-meson decays produced directly in pp collisions following the method in reference [8] , while kaon particle identification efficiencies are measured using control samples. A p (B d,s ) . Summing over the two initial flavors, the observed time-dependent production rate reads
where R(t) and (t) describe detection resolution and efficiency, Γ, ∆Γ, ∆m and |q/p| are the oscillation parameters taken as external inputs, and ψ = ±1 tags the B d,s flavor at decay using the final states. − p decay mode [5] . For the measurement the CP asymmetry A d in the decay is not disentangled due to the lack of external input. The result is shown in Figure 6 as a function of p T and y respectively. While the overall asymmetry is consistent with zero, there is an strong evidence of dependence on Λ 0 b rapidity, which is measured to be A p+d = (−0.001 ± 0.007) + (0.058 ± 0.014) × (y − 3.1) by fitting the A p+d distribution with a linear function. 
Conclusions
The LHCb experiment has made significant contributions to heavy flavor production measurements, including the fragmentation functions for B + , B 0 , B 
